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157] ABSTRACT

An engine rotation speed detecting apparatus comprises
circuitry for sensing the state of operation of an engine,
circuitry for setting a plurality of respectively different
masking periods of time, circuitry for detecting an igni-
tion signal lasting for a period of time longer than any
one of the plural masking periods of time thereby de-
tecting an ignition period defined between adjacent
ignition signals, and circuitry for computing the rota-
tion speed of the engine on the basis of the detected
ignition period, one of the plural masking periods of -
time being selected according to the result of sensing by
the operation state sensing circuitry.

5 Claims, 5 Drawing Sheets
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ENGINE ROTATION SPEED DETECTING
APPARATUS

BACKGROUND OF THE INVENTION

This invention relates to an apparatus for controlling
an internal combustion engine of spark ignition type,
and more particularly to an apparatus suitable for de-

tecting the rotation speed of an internal combustion:

engine such as a gasoline engine for automobiles.

In a gasoline engine for automobiles, the rotation
speed of the engine is used in many cases as a data re-
quired for attainment of various controls including the
control of the amount of fuel supplied to the engine.

Various methods for obtaining data of the engine
rotation speed have been proposed hitherto and put into
practical use. According to one of the known methods,
the period of a voltage waveform appearing at the
minus or negative terminal on the primary side of an
ignition coil is measured, and the engine rotation speed
18 computed on the basis of the measured period of the
voltage waveform. |

However, the voltage waveform appearing at the
primary side of the ignition coil includes generally con-
siderably large fluctuations similar to chattering com-
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monly known in the art, as shown in FIG. 1 (A). (The

waveform fluctuations described above will be referred
to heremnafter as chattering.) Therefore,when such a

voltage waveform is shaped intact into a pulse signal as
shown in FIG. 1 (B), a wrong period, as indicated by T"
in FIG. 1 (B), will be measured, although an ignition
timing interval T as shown in FIG. 1 (A) is the correct
period. |

A prior art practice which obviates such a trouble

comprises shaping an output signal a of a signal source

101 such as an ignition coil into a pulse signal b by a ve
shaping circuit 102, applying the pulse signal b to a
one-shot multivibrator (abbreviated hereinafter as an
OSM) 103, counting the output signal ¢ of the OSM 103
by a counter 104, and measuring the period T on the
basis of the output signal d of the counter 104. The
symbol 7 shown in FIG. 1 (C) designates the time con-
stant of the OSM 103.

Thus, according to the prior art practice described
above, the time constant 7 of the OSM 103 acts to pro-
vide a masking period of time, that is, it exhibits a func-
tion of ignoring the pulses of the pulse signal b appear-
ing in this masking period of time, so that the correct
period T can be measured.

However, in the prior art practice in which the time
constant of the OSM 103 is used to determine the mask-
ing period of time, no consideration is given to the fact
that the time constant of the OSM 103 tends to be ad-
versely affected by the accuracy, temperature depen-
dence and secular variation of the circuit constant of the
OSM 103. |

On the other hand, a method has also been proposed
in which the masking period of time is continuously
changed by means of software. According to this
method, the masking period of time at one ignition
. timing can be determined on the basis of the result of

‘detection of the period T immediately before that tim-
ing.

An apparatus based on the latter method described
above 1s disclosed in, for example, Japanese Patent Ap-
plication No. 61-119250 (1986). In the disclosed appara-
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tus, the length of the masking period of time is continu-
ously changed depending on the engine rotation speed.

In the case of the former of the two period art meth-
ods described above, the accuracy of the masking per-
iod of time cannot be sufficiently maintained, and
changes in the operating state of the engine are not
taken into consideration. On the other hand, in the case
of the latter method, a complex logic circuit is required

so as to continuously determine the masking period of
time which meets the operating state of the engine, but
no consideration is given to the fact that a satisfactorily
quick response cannot be ensured due to the require-
ment for provision of the complex logic circuit. Thus,
when changes in the operating state of the engine are
considered, both of these prior art methods have been
difficult to detect the engine rotation speed with high
accuracy without regard to the changes in the operating
state of the engine.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
apparatus for detecting the rotation speed of an engine,
which can sufficiently eliminate the adverse effect of
chattering included in an ignition signal from an ignition
coil and which can accurately detect the rotation speed
of the engine without regard to any change in the oper-
ating state of the engine and without requiring any
complex logic circuit.

According to the present invention which attains the
above object, a plurality of predetermined masking
periods of time for eliminating the adverse effect of the

~ chattering are previously prepared, and a most suitable
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one of them is automatically selected in accordance
with the operating state of the engine.

Thus, in the present invention, one of the predeter-
mined masking periods of time 1s automatically selected
depending on the operating state of the engine. There-
fore, even when, for example, the engine is in its starting
stage, the most suitable one of the masking periods of
time can be selected so as to sufficiently eliminate the
adverse effect of the chattering. |

Further, since the masking period of time can be
changed to that suitable for use in such an operating
state of the engine by merely selecting it from among
the previously prepared ones, no complex logic circuit
for that purpose is required, and no delay in the re-
Sponse Occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a waveform diagram showing timings of an
ignition signal, a masking period of time and an ignition
period in a prior art engine rotation speed detecting
apparatus. |

FIG. 2 is a block diagram of a prior art circuit used
for detecting the engine rotation speed in a manner
similar to that shown in FIG. 1. |

FIG. 3 1s a diagrammatic view of an engine system to
which an embodiment of the engine rotation speed
detecting apparatus of the present invention is applied.

FIG. 4 is a flow chart illustrating the detecting opera-
tion of the apparatus of the present invention.

FIG. § is a time chart of the engine speed detecting
operation shown in FIG. 4.

FIGS. 6 and 7 are waveform diagrams similar to FIG.
1 to show timings of ignition signals and different mask-
ing periods of time employed in the present invention.
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FIG. 8 is a block diagram showing schematically the
structure of a microcomputer incorporated in the con-
trol unit of the present invention shown in FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the engine rotation speed
detecting apparatus according to the present invention
will now be described in detail with reference to the
drawings.

FIG. 3 shows a vehicle’s engine system to which an
embodiment of the present invention is applied. Refer-
ring to FIG. 3, intake air to be supplied to an internal
combustion engine 7 flows from an inlet 2 of an air
cleaner 1 into a collector 6 through a hot-wire type air
flow sensor 3 detecting the amount of intake air, an air

duct 4, and a throttle body S having a throttle valve

controlling the amount of intake air. In the collector 6,
air is distributed into a plurality of suction pipes 8 com-

municating directly with the respective cylinders of the
engine 7.

On the other hand, fuel contained in a fuel tank 9 is
pumped out and pressurized by a fuel pump 10 to be
supplied to a fuel system which includes a fuel damper
11, a fuel filter 12, injectors 13 and a fuel pressure regu-
lator 14. The pressure of fuel is regulated at a predeter-
mined value by the fuel pressure regulator 14, and the
fuel under regulated pressure is injected from the injec-
tors 13 into the respective suction pipes 8.

The air flow sensor 3 generates an output signal rep-
resenting the detected amount of intake air, and this
output signal is applied to a control unit 15. An elec-
tronic control circuit including a microcomputer is
incorporated in this control unit 15.

Further, a throttle sensor 18 mounted on the throttle
body S generates an output signal representing the de-
tected opening of the throttle valve, and this output
signal is also applied to the control unit 15.

Ignition is controlled by a distributor 16 which con-
trols an ignition coil 17. An ignition signal derived from
the negative terminal on the primary side of this ignition
coil 17 is also applied to the control unit 15.

In response to the application of the ignition signal
derived from the negative terminal of the ignition coil
17, the control unit 15 computes the engine rotation
speed on the basts of the voltage waveform appearing at
the primary side of the ignition coil 17. For the purpose
of computation of the engine rotation speed, the control
unit 15 includes the microcomputer which executes a
sequence of processing as shown in FIG. 4.

FIG. 4 shows the operation of the illustrated embodi-
ment of the present invention. The operation of the
embodiment of the present invention will now be de-
scribed with reference to this FIG. 4 and also with
reference to FIG. 5 which is a time chart.

The sequence of processing shown in FIG. 4 is exe-
cuted by the control unit 15 which generates an inter-
rupt signal each time a pulse of the pulse signal b
(shown in FIG. 1 (B) and FIG. 2) appears as a result of
shaping the voltage waveform of the ignition signal a
derived from the primary side of the ignition coil 17.
For this purpose, the microcomputer incorporated in
the control unit 15 includes a wave shaping circuit such
as that described with reference to FIG. 2, and the
signal a from the ignition coil 17 is applied to the wave
shaping circuit.

More precisely, as shown in FIG. 8, the microcom-
puter MC incorporated in the control unit 15 includes
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an input circuit receiving the ignition signal applied
from the signal source 101 (FIG. 2) of the ignition signal
a and generating the wave-shapéd signal b, a central
processor unit CPU, a RAM, a ROM, and an output
circuit generating an output signal for determining, for
example, the amount of fuel to be injected on the basis
of the computed engine rotation speed. An injector
actuator for actuating the injectors INJ (not shown) is
energized in response to the application of the output
signal of this output circuit.

In the program shown in FIG. 4, an interrupt signal is
applied in its first step 110. Then, in a step 120, the count
of a counter 1s read, and its count data kx is stored. This
counter may be a software counter utilizing the memory
of the microcomputer MC incorporated in the control
unit 15 or may be a hardware counter.

Then, 1n a step 130, the previous count data ko of the
counter is subtracted from the present count data kx to
compute the difference data k. This data k has a value

proportional to a period of time t. That is, k is expressed
as k=ct as shown in FIG. 5. Hereinafter, this propor-
tional constant ¢ is ignored, and the data k is merely
expressed as k=t.

Then, 1n a step 140, the operating state of the engine
is checked. Herein, whether or not the engine is operat-
ing in its starting stage is checked in the step 140 by
detecting the rotation speed of the engine. Depending
on the result of checking in the step 140, execution of a
step 150 or a step 160 is decided.

That is, when the result of checking in the step 140
proves that the engine 1s operating in its starting stage,
whether or not the period of time t in FIG. § is equal to
or longer than a first masking period of time MASK-1 is
checked in the step 150. On the other hand, when the
result of checking in the step 140 proves that the engine
1S not operating in its starting stage but is operating in its
steady state to drive the vehicle, whether or not the
period of time t 18 equal to or longer than a second
masking period of time MASK-2 is checked in the step
160. There 1s the following relation between the
MASK-1 and the MASK-2:

MASK-1>MASK-2.

When both the result of checking in the step 150 and
the result of checking in the step 160 are ‘“NO”, the
program jumps to a step 190 where the program is
ended to wait for appearance of the next interrupt sig-
nal.

On the other hand, when the result of checking in
each of the steps 150 and 160 i1s “YES”, a step 170 is
followed in which the period of time t and the data kx
are selected as the ignition period T and the count data
ko respectively. Then, in a step 180, the rotation speed
of the engine is computed on the basis of the period T
selected in the step 170.

The result of execution of the sequence of processing
shown in FIG. 4 will be described with reference to
FIG. 8. Referring to FIG. §, each time a pulse 210 of the
pulse signal applied from the primary side of the igni-
tion coil 17 appears, an interrupt is instructed, and the
processing program shown in FIG. 4 is started. Either
the step 150 or the step 160 is executed, and a masking
function as shown by a signal 220 is exhibited. There-
fore, even when an interrupt is instructed in response to
each of pulses of the pulse signal appearing within the
masking period of time 7, the processing for updating
the ignition period T and computing the engine rotation
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speed on the basis of the updated period T is not exe-
cuted. The processing for updating the ignition period
T and computing the engine rotation speed on the basis
of the updated period T is executed only when an inter-
rupt is instructed in response to a pulse signal having a
pulse period longer than the masking period of time 7.
Therefore, the adverse effect of chattering described
with reference to FIG. 1 can be eliminated.

The period of time in which the detection of the
engine rotation speed tends to be adversely affected by
the chattering varies greatly depending on the operat-
ing state of the engine as described already.

Therefore, when the masking period of time 7 is
fixed, the masking effect may not be fully exhibited
depending on the operating state of the engine as also
described already, and the accurate rotation speed of
the engine cannot be detected.

However, the rotation speed detection program em-
ployed in the embodiment of the present invention in-
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cludes the steps 150 and 160 following the step 140 for

selecting the optimum one of the masking periods of

time depending on the operating state of the engine.
Thus, the first masking period of time MASK-1 is se-
lected when the engine is operating in its starting stage
where the ignition timing interval is large, while the
second masking period of time MASK-2 is selected
when the engine is not operating in its starting stage but
18 operating in its steady state to drive the vehicle. As

also described
already, there is the relation

MASK-1>MASK-2

there between.

Therefore, according to the embodiment of the pres-
ent invention, the masking period of time is automati-
cally changed over depending on the operating state of
the engine. In the case where the engine is in its starting
stage and is rotating at a low speed, and chattering
appears for a relatively long period of time in the pulse
signal applied from the ignition coil 17, the first masking
period of time MASK-1 which is relatively long is se-
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lected for the detection of the engine rotation speed. On

the other hand, in the other case where the rotation
speed of the engine is not so low, the second masking
period of time MASK-2 which is relatively short is
selected for the detection of the engine rotation speed.
Thus, the adverse effect of the chattering can be reliably
eliminated, and the accurate rotation speed of the en-
gine can be always detected.

The above fact will be further explained with refer-
ence to FIGS. 6 and 7. FIG. 6 shows the case where the
engine is operating in its starting stage. In this case,
chattering appears in the ignition signal a from the igni-
tion coil 17 for a relatively long period of time 311 as
shown in a voltage signal waveform 310, and, as a re-
sult, pulses attributable to the chattering appear in the
pulse signal b as shown in a pulse signal waveform 320
in FIG. 6. In such a case, the relatively long masking
period of time MASK-1, as indicated by 330, is applied
to sufficiently mask the pulses attributable to the chat-
tering appearing over the relatively long period of time
311. Therefore, the accurate rotation speed of the en-
gine can be reliably detected.

On the other hand, FIG. 7 shows the case where the
engine is not operating in its starting stage but is rotating
at a speed which is not so low. In this case, chattering
appears in the ignition signal a from the ignition coil 17
for a relatively short period of time 411 as shown in a
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voltage signal waveform 410, and, as a result, pulses
attributable to the chattering appear in the pulse signal
b within the short period of time 411 only as shown in
a pulse signal waveform 420 in FIG. 7. In such a case,
the relatively short masking period of time MASK-2 is
applied to mask the pulses attributable to the chattering.
Therefore, failure of accurate detection of the engine
rotation speed by application of an unnecessarily long
masking period of time can be obviated, and the accu-
rate rotation speed of the engine can be detected.

Thus, according to the illustrated embodiment of the
present invention, not only the masking function by-
means of software 1s applied in addition to the masking
function exhibited by the circuit including the OSM 103
(FIG. 2) which is a hardware means, but also the opti-
mum masking period of time is selected from among
plural settings depending on whether or not the engine
Is operating in its starting stage. Therefore, the most
suitable masking function is always carried out, and the
rotation speed of the engine can be reliably and accu-
rately detected.

In the aforementioned embodiment, the masking per-
10d of time is selected depending on whether the engine
1S operating in its starting stage or not. However, it is
apparent that the operating state of the engine may be
further divided into more stages.

According to the present invention, an optimum one
of a plurality of predetermined masking periods of time
i1s automatically selected depending on the operating
state of the engine, so that the problem of time-consum-
ing processing for determining the optimum masking
period of time to meet the operating state of the engine
can be eliminated, and the problem of requirement for a
complex logic circuit to ensure a sufficiently quick re-
sponse to an abrupt change in the engine rotation speed
can also be eliminated. Therefore, the adverse effect of
chattering can be entirely eltminated, and the accurate
rotation speed of the engine can be reliably detected.

We claim:

1. An engine rotation speed detecting apparatus com-
prising means for sensing the state of operation of an
engine, means for setting a plurality of respectively
different masking periods of time, means for detecting
an ignition signal lasting for a period of time longer than
any one of said plural masking periods of time thereby
detecting an ignition period defined between adjacent
ignition signals, and means for computing the rotation
speed of said engine on the basis of said detected igni-
tion period, one of said plural masking periods of time
being selected according to the result of sensing by said
operation state sensing means.

2. An engine rotation speed detecting apparatus ac-
cording to claim 1, wherein said operation state sensing
means senses whether said engine 1S operating in 1ts
starting stage or said engine is operating in its steady
state to drive a vehicle.

3. An engine rotation speed detecting apparatus ac-
cording to claim 2, wherein, when said engine is operat-
ing in its starting stage, said masking period of time
applied to that operating state of said engine is longer
than when said engine is operating in its steady state to
drive the vehicle.

4. An engine rotation speed detecting apparatus ac-
cording to claim 1, wherein said masking period setting
means sets two kinds of respectively different masking
periods of time.
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3. An engine rotation speed detecting apparatus com-

prising means for sensing whether an engine is operat-

ing In 1ts starting stage or said engine is operating in its
steady state to drive a vehicle, means for setting two
kinds of respectively different masking periods of time,
means for detecting an ignition signal lasting for a per-
iod of time longer than any one of said two kinds of
masking periods of time thereby detecting an ignition
period defined between adjacent ignition signals, and
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means for computing the rotation speed of said engine

. on the basis of said detected ignition period, the longer

one of said two kinds of masking periods of time being
applied when satd engine is operating in its starting
stage, while the shorter masking period of time being
applied when said engine is operating in its steady state

to drive the vehicle.
% | * . x
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